Increased use of winter legume cover crops has renewed interest in legume N mineralization patterns. This study was conducted to monitor the residual effect of a hairy vetch (Vicia villosa Roth) cover crop and fertilizer N on surface soil NO.,-N concentration in no-till and conventional-till corn (Zea mays L.) in northeastern Nebraska on a Nora silty clay loam (fine-silty, mixed, mesic Udic Halplustoll). The experimental design was a split-split-split plot with three replicates. Main plots of conventional tillage and no-till were split into 0, 67, and 134 kg N ha" 1 with and without hairy vetch. Soil samples were taken from the 0-to 7.5- 
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NCREASED USE of conservation tillage has renewed interest in winter legume cover crops. Farmers have traditionally plowed in legume cover crops as green manure to increase soil organic matter and available N to succeeding crops. However, little information exists about N mineralization in no-till cropping systems when legume cover crops are left on the soil surface.
Legume cover crops are capable of biologically fixing large quantities of N 2 . However, little research has been conducted on the efficiency of legume cover crop N utilization by subsequent crops. Several researchers have reported that approximately 70% of the N in corn is taken up before silking (Hanway, 1963; Chevalier and Schrader, 1977) but mineralization of hairy vetch N appears to be most rapid after corn silking, especially with no-till (Huntington et al., 1985; Varco, 1986; Smith et al., 1987) .
Eliminating tillage increases the concentration of C and N in the surface 7.5 cm of soil (Doran, 1980; Stanford and Epstein, 1974) . Greater C, N, and soil water content results in greater soil microbial activity in no-till soil. Greater microbial activity increases short-term immobilization and long-term mineralization of organic N. Nitrogen immobilized in microbial biomass can potentially be mineralized throughout the growing season (Power and Doran, 1988) .
In addition to organic N, inorganic N applied as fertilizer can be immobilized by microbial biomass. Greater microbial biomass in no-till results in an increased potential for immobilization of surface-applied fertilizers.
The objective of this study was to examine the effects of tillage, N rate, and a hairy vetch cover crop on soil NO 3 -N concentration throughout the growing season.
MATERIALS AND METHODS
An experiment evaluating the effects of tillage, N rate, and a hairy vetch cover crop on continuous corn production was conducted in a rain-fed environment in northeastern Nebraska. The study was initiated in 1985 on a Nora silty clay loam at the University of Nebraska Northeast Research and Extension Center near Concord.
The experimental design was a split-split-split plot with three replications. Conventional and no-till main plots were established in the spring of 1985. Conventional-till plots were disked twice with a tandem disk and then harrowed. In 1986, tillage plots were split into 9-m-wide (12 rows by 0.76 m row 1 ) and 15-m-long subplots. Subplot treatments included 0, 67, and 134 kg N ha-1 broadcast at planting as NH 4 NO 3 (34-0-0). Garst hybrid 8520 1 was planted using a four-row planter with coulters. Seeding rate was adjusted to plant approximately 47 000 plants ha-1 . Both tillage systems were cultivated in 1987 with a four-row cultivator. In 1988, only the conventional tillage system received cultivation. Sub-subplot treatments were with and without hairy vetch (cv. Madison), which was interseeded in the standing corn in mid-August at 28 kg ha-1 using a high-clearance sprayer equipped with seeding boxes.
Soil samples were taken 36, 50, 64, 78, and 92 d after planting in 1987 from the 0-to 7.5-and 7.5-to 15-cm depths. Because of drought conditions in 1988, N mineralization from the hairy vetch was assumed to be low and soil samples were collected only three times, 42, 72, and 102 d after planting. Each soil sample was a composite of 15 random 2.5-cm-diam. soil cores where 10 cores were taken from the between-row area and five cores were taken from the within-row area.
Soil samples were thoroughly mixed and a subsample was taken for determination of gravimetric soil water content. The rest of the sample was air dried and ground to pass through a 2-mm sieve. A 10-g subsample was extracted with 2 M KC1 and NO 3 -N concentration was determined in the extract using automated wet chemistry (Keeney and Nelson, 1982) .
Hairy vetch dry matter from 1-m 2 area was sampled prior to 2, 4-D [(2, 4-dichlorophenoxy) acetic acid] and dicamba (3,6-dichloro-2-methoxybenzoic acid) application to kill the hairy vetch. The sample was weighed and then dried and total dry matter production was calculated. The dried hairy vetch samples were ground and then analyzed for total N using the Kjeldahl procedure (Bremner and Mulvaney, 1982) . To calculate hairy vetch N contribution, only aboveground production was utilized.
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Data were analyzed using the Statistical Analysis System (SAS Institute, 1982) using least significant difference at the 0.10 probability level for mean separation.
RESULTS AND DISCUSSION
Because the availability of mineralizable N depends on soil water during the growing season (Smith et al., 1987; Stanford, 1982) , treatment effects on inorganic N and soil water will be discussed simultaneously. Results will be presented for main effects only because, in those cases where significant interactions were obtained, the interaction resulted from a slight change in slope between tillage systems across N rates. These slight changes were determined to have little if any agronomic significance in comparison to changes caused by the main effects.
Cool spring temperatures resulted in limited hairy vetch dry matter accumulation and subsequent N production in 1987 and 1988 (Table 1) . Poor hairy vetch establishment in no-till also decreased dry matter and N production in 1988. Decker et al. (1987) also found broadcasting hairy vetch seed into high residue cover reduced seed germination. Despite limited dry matter and N production, hairy vetch interseeded during the previous growing season increased available N in the surface 15 cm of soil in 1987 and 1988 (Tables 2 and 3) .
In 1987, hairy vetch interseeded during the previous growing season increased soil NO 3 -N in the surface 7.5 cm between 50 and 64 d after planting and in the 7.5-td 15-cm soil layer between 50 and 78 d after planting (Table 2) . In 1988 (a dry growing season), hairy vetch did not significantly increase soil NO 3 -N concentration in the 0-to 7.5-cm soil layer at any sampling time, but hairy vetch did significantly increase soil NO 3 -N concentration in the 7.5-to 15-cm depth 103 d after planting (Table 3 ). Prior to that time, mineralization of hairy vetch N was slow because of low soil water content (Table 5) .
Relatively low hairy vetch dry matter production reduced spring soil water depletion in 1987 and 1988 (Tables 4 and 5). These results are contrary to the results of Varco et al. (1989) , Power and Doran (1988), and Frye et al. (1988) , who concluded that interseeding a hairy vetch cover crop reduced soil water content in the surface 15 cm.
Tillage significantly affected soil NO 3 -N in the surface 7.5 cm in 1987 ( dates except 64 d after planting when soil water content was high because of 100 mm of rain (Table 4) . In 1987, tillage did not affect soil NO 3 -N concentration in the 7.5-to 15-cm depth except at the 64 d after planting sampling date, when NO 3 -N levels were greater for conventional tillage. Greater soil water content may have promoted mineralization of residue N, increasing soil NO 3 -N in conventional tillage relative to that for notill (Table 4) .
In 1988, soil water content was low in, the surface 7.5 cm because of drought. No differences in soil water or N0 3 -N concentration between tillage treatments were evident (Tables 3 and 5) . No-till soil water content was greater in the 7.5-to 15-cm depth than that of conventional tillage (Table 5) . As in 1987, soil NO 3 -N concentration tended to be greater in conventional tillage with a significant increase at the 72-d sampling time (Table  3) .
Soil NO 3 -N concentration was greater with increasing N application rates in both depths for all years and sampling dates (Tables 2 and 3 drought resulted in decreased soil N0 3 -N throughout the 1987 growing season. Soil NO 3 -N concentration increased sharply at the high N rate 92 d after planting when plant uptake was low and soil water conditions were favorable for mineralization. Soil NO 3 -N concentration and water content changed very little at the soil surface in 1988 (Tables 3 and 5 ). Soil NO 3 -N concentration and soil water content responses in the 7.5-to 15-cm depth were similar to responses obtained in 1987.
CONCLUSIONS
Climatic conditions can greatly inflence N mineralization and immobilization patterns. Differences in soil NO 3 -N concentration are related to fluctuations in soil water content. In the 1987 and 1988 growing seasons, soil water content was low because of below-normal precipitation during this period (Table 6 ), possibly limiting net mineralization from hairy vetch residue. In spite of low rainfall during these two growing seasons, soil NO 3 -N concentrations were significantly influenced by tillage, N rate, and vetch treatments.
In the surface 7.5 cm of no-till, soil NO 3 -N concen- 130-yr averages tration was lower than for conventional tillage in 1987. However soil NO 3 -N concentration was similar in no-till and conventional tillage below 7.5 cm. In 1988, when soil water content was low, soil N0 3 -N concentrations were similar in both tillage systems.
Inclusion of a hairy vetch winter cover crop increased soil NO 3 -N concentrations in the O-to 7.5-and 7.5-to 15-cm depths at various times during the succeeding growing season. Even though hairy vetch production was relatively low, soil inorganic N increased with hairy vetch from 50 d after planting to the end of sampling in 1987, indicating an increase in N available to the plant before silking. In 1988, no apparent hairy vetch N mineralization occurred before silking because of low soil water content.
Interseeding hairy vetch in continuous corn during the previous growing season did not reduce soil water content in either the O-to 7.5-or 7.5-to 15-cm depths in 1987 or 1988. Increasing available N without significantly depleting soil water indicated that a legume cover crop like hairy vetch may be a beneficial tool in N management. Hairy vetch can also provide cover during the noncrop period, which can help reduce soil erosion.
Selenium in Agriculture and the Environment
This publication provides an up-to-date account of the geochemistry, chemical reactions, and factors affecting the bioavailability of selenium in various ecosystems. Information is presented on recent selenium research on soils and groundwaters of the San Joaquin Valley. While the publication does not attempt to review selenium in animal nutrition, it does provide a perspective of how the presence of selenium in our environment relates to the plant and soil sciences, animal nutrition, and wildlife. 
Reactions and Movement of Organic Chemicals in Soils
This publication presents the state-of-the-art knowledge on physical, chemical, and biological interactions of industrial and agricultural chemicals in soils and their mechanisms. These interactions are dealt with under various categories including sorption/desorption, volatilization, photolysis and biodegradation, and their kinetics. Models developed to predict the fate and transport of contaminants as they pass over and through soil are included. In addition, case histories of groundwater contaminated with organic compounds at landfill and hazardous waste disposal sites are described.
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